The objective of this study was to evaluate the effects of overfeeding naturally-mated adolescent ewes (Ovis aries) on maternal, fetal, and postnatal lamb growth, hormone concentrations, and lamb carcass characteristics. Two experiments were conducted in which singleton-bearing adolescent ewes were fed a diet containing 2.72 Mcal/kg ME at a rate which met NRC gestational age requirements (MN; n = 10 in Exp. 1, n = 7 in Exp. 2) or were fed the same diet ad libitum (15% refusal rate) throughout gestation (HN; n = 7 in Exp. 1, n = 6 in Exp. 2). Ewe BW was greater (P < 0.05) for HN than MN ewes beginning on 75 d and 52 d of gestation for Exp. 1 and 2, respectively. Final BCS was greater (P ≤ 0.05) for HN than MN ewes in both experiments; 3.5 vs. 3.0, respectively, for Exp. 1, and 4.8 vs. 2.9, respectively, for Exp. 2. Fasting maternal blood insulin concentrations were greater (P ≤ 0.05) in HN ewes near term (135 d of gestation), whereas fasting maternal glucose concentrations were greater (P ≤ 0.05) during most of the second half of gestation in HN ewes, for both experiments. Gestation length did not differ (P = 0.69) between treatments in Exp. 1, but in Exp. 2, HN ewes had shorter (P = 0.01) gestation lengths (144 vs. 149 d) and had increased (P = 0.002) dystocia scores. Fetal abdominal circumference was greater (P < 0.05) in lambs from MN than HN ewes at 97 d of gestation in Exp. 1 (20.8 vs. 17.4 cm) but did not differ (P = 0.94) between treatments at 95 d of gestation in Exp. 2 (averaging 20.5 cm). There were no differences (P ≥ 0.15) in lamb BW, abdominal circumference, crown-rump length, and biparietal distance at birth; or in postnatal BW and plasma concentrations of glucose, insulin, and lactate in either experiment. There were no differences (P ≥ 0.18) in HCW, dressing percentage, LM area, fat thickness, or KPH between treatments in Exp. 2. Although there was no difference (P ≥ 0.31) between treatments in concentrations of IGF1 or IGF2 mRNA in liver samples collected at harvest, lambs from MN ewes had greater (P ≤ 0.05) concentrations of IGF1R and INSR mRNA, suggesting long-term effects of maternal diet on postnatal hepatic function. In conclusion, excess nutrition during gestation in naturally-mated adolescent ewes did not affect birth weight or postnatal performance of offspring.
INTRODUCTION
Intrauterine growth restriction (IUGR) is a concern in both humans and livestock due to the negative effects it can have during the antenatal, postnatal, and adult periods of life. In humans, maternal undernutrition has been linked to increased rates of cardiovascular disease, hypertension, and non-insulin dependent diabetes in adults (Barker and Gluckman, 1993; Godfrey and Barker, 2001) . In livestock, IUGR has negative effects on survival of the neonate, growth potential, feed effi ciency, body composition, meat quality, long-term health, and athletic performance (Wu et al., 2006) .
Interestingly, IUGR has been reported in livestock that are overnourished. Overnourished adolescent ewes have consistently been shown to produce lowbirth-weight lambs (Wallace et al., 1996 (Wallace et al., , 1997 , suggesting that the overnourished adolescent ewe partitions nutrients toward maternal fat deposition rather than the feto-placental unit (Wallace, 2000) . The over-nourished IUGR model uses adolescent ewes carrying a single fetus conceived via embryo transfer, a single sire, and a limited number of donor ewes to minimize genetic variation. Although useful for research purposes, embryo transfer in sheep is a complicated procedure and can alter fetal growth (Quirke and Hanrahan, 1983; Sinclair et al., 1999) . Therefore, results obtained from embryo transfer studies may not be indicative of growth under commercial livestock production settings. Although many studies have evaluated the effects of overfeeding adolescent ewes throughout gestation, in pregnancies resulting from embryo transfer, comparable studies using naturally-mated adolescent ewes are not available. Therefore, the objectives of this study were to evaluate the effects of overfeeding naturally-mated adolescent ewes on maternal, fetal, and postnatal lamb growth, hormone concentrations, and lamb carcass characteristics.
MATERIALS AND METHODS
All care, handling, and sampling of animals used for this study were approved by the Colorado State University Animal Care and Use Committee.
Animals and Diets
Western Whiteface × Suffolk adolescent ewe lambs (n = 30; 7 mo of age; 49 kg BW) were used in 2 experiments conducted over a 2.5-yr period. Mating was conducted in the fall of each year. One Rambouillet ram was used for breeding in yr 1 and a different Rambouillet ram of similar stature and pedigree was used in yr 2. Ewes were housed in individual pens at the Agricultural Research, Development, and Education Center at Colorado State University, Ft. Collins.
The ewes were observed twice daily for 3 wk, with a vasectomized ram, to verify that none of the ewes exhibited standing estrus. Subsequently, all ewes were synchronized to induce a prepubertal estrus with the use of a controlled internal drug-release device [EAZIBreed CIDR (progesterone) sheep insert, Pfi zer Animal Health, New York, NY] and dinoprosttromethamine (Lutalyse, Pfi zer Animal Health). The CIDR devices were in place for 14 d, and 2 injections of Lutalyse (2 mg/kg BW) were administered 4 h apart when the CIDR devices were removed. Estrus detection was initiated 12 h after the last Lutalyse injection and ewes were naturally mated using 1 ram after observation of standing estrus. Single-sire mating occurred in 20 ewes for both Exp. 1 and 2. Ewes underwent transabdominal ultrasonography 45 d after breeding to assess fetal viability and ensure that all pregnancies were singletons. In Exp. 1, 15 out of 20 ewes were found to have singleton pregnancies but in Exp. 2, 13 out of 20 ewes were found to be pregnant with a singleton.
Ewe lambs were allocated by BW to 1 of 2 dietary treatments initiated at breeding: moderate nutrient intake (MN) or high nutrient intake (HN). The MN ewes were given a diet formulated to provide 2.72 Mcal/kg ME and 16% CP (Table 1) . The MN diet was 1.36 × the recommended energy levels for maintenance (NRC, 1985) . During the last third of gestation the ration for the MN ewes was adjusted to supply 3.40 Mcal ME daily based on NRC (1985) requirements for late gestation. The HN ewes were fed the same diet ad libitum to a refusal rate of 15% of the feed offered (Wallace et al., 1996) . Intakes were measured daily and adjusted based on the refusals of the previous day. Based on our intake data, ad libitum intake provided 22% above the recommended NRC nutritional requirements. Ewes were acclimated to the total mixed rations for 2 wk before the initiation of the study. After lambing, ewes were fed 2.27 kg/d of the total mixed ration (2.72 Mcal/kg ME) to meet requirements for lactating ewes nursing single lambs (NRC, 1985) . Lambs were allowed free access to creep feed beginning at 35 d of age and remained with their dams until weaning at 80 d or 60 d of age for Exp. 1 and 2, respectively. After weaning, lambs were offered a total mixed ration ad libitum containing 2.72 Mcal/kg ME (1.00 × maintenance, NRC, 1985) and on 0, 17, 31, 52, 64, 74, 94, 100, 115, 121, 128, 135 , and 142 d of gestation in Exp. 2. Ewes received a BCS (1 = emaciated and 5 = obese; Russel et al., 1969) at conception and lambing in both experiments. Fetal abdominal circumference was estimated using ultrasound on 97 d and 95 d of gestation in Exp. 1 and 2, respectively, using the methods described by Barbera et al. (1995) and Galan et al. (1999) . At birth, lambs were weighed and measured for abdominal circumference, crown rump length, biparietal head circumference, vigor at birth (1 = very lethargic, needs lots of help and regular tubing to stay alive; 2 = lamb fairly active and alert, needs little help, able to suckle ewe with help; and 3 = lamb very active and alert, needs no help and independently fi nds teat), and dystocia (1 = no assistance and 5 = cesarean section). Lambs also were weighed at 21, 48, 76, 101, 126, and 140 d of age in Exp. 1 and lambs were weighed weekly after lambing in Exp. 2.
Lambs from Exp. 1 were sold at 140 d of age. Lambs from Exp. 2 were harvested when they reached a BW of 59 kg. Hot carcass weights were collected at slaughter and dressing percentage was calculated. Internal fat around the kidney, heart, and in the pelvic area was removed and weighed. Longissimus muscle area and fat thickness between the 12th and 13th ribs were measured after a 24-h chill.
Liver samples were collected from lambs at harvest (1 cm 3 from the right lobe), snap frozen in liquid nitrogen, and stored at −80°C until isolation of total cellular mRNA.
Blood Sampling
Preprandial jugular venous blood samples were collected from ewes before the morning feeding on 32, 44, 58, 75, 97, 116 , and 137 d of gestation in Exp. 1 and on 31, 52, 64, 74, 94, 100, 115 , and 135 d of gestation in Exp. 2. Blood samples (10 mL) were collected into heparinized tubes (BD Vacutainer, 10 mL; Becton, Dickinson and Company, Franklin Lakes, NJ), placed on ice, centrifuged at 1,500 × g, for 15 min at 4°C, and the plasma stored at −80°C until analysis for glucose, insulin, and lactate. In Exp. 1, all ewe plasma samples were analyzed for glucose and lactate, and plasma samples from 32, 75, 97, and 137 d were analyzed for insulin. In Exp. 2, all ewe plasma samples were analyzed for glucose and lactate, and plasma samples from 31, 74, 94, and 135 d were analyzed for insulin.
Preprandial jugular venous blood samples were collected as described above from lambs on 76, 101, 126, and 140 d of age in Exp. 1 and on 70, 98, and 139 d of age in Exp. 2. All lamb blood samples in Exp. 1 were analyzed for glucose and lactate and blood samples from 76 and 101 d were analyzed for insulin. All blood samples from lambs in Exp. 2 were analyzed for glucose, lactate, and insulin.
Blood Analysis
Plasma glucose and lactate concentrations were analyzed in duplicate (25 μL) using an YSI 2700 Select Biochemistry Analyzer (YSI Life Sciences, Yellow Springs, OH). Sensitivity was 0.07 mg/dL for glucose and 0.02 mg/dL for lactate, with CV of 0.95% for glucose and 0.75% for lactate. Plasma insulin concentrations were analyzed by Dennis Halford (New Mexico State University, Las Cruces, NM) via solid-phase RIA using components of a commercial kit (Siemens Health Care Diagnostics, Deerfi eld, IL) with ovine insulin as the standard. The kit used antibody-coated tube technology and determinations were performed in duplicate in a single assay having a CV of 16%. The insulin assay was validated in ruminant serum as described by Reimers et al. (1982) .
Liver mRNA Analysis
Total cellular RNA (tcRNA) was isolated from the livers harvested at slaughter in Exp. 2 by methods previously described by this laboratory (Warren et al., 1990; Kappes et al., 1992) . The tcRNA was subjected to quantitative real-time reverse transcriptase-PCR (qPCR) analysis, as previously described (Erikson-Hagen et al., 2005; Wright et al., 2008) . Briefl y, the primer sets listed in Table 2 were used to generate intron-spanning cDNA amplicons for sheep IGF1, IGF2, IGF1 receptor (IGF1R), IGF2 receptor (IGF2R), insulin receptor (INSR), and ribosomal protein subunit 15 (RPS15), which were sequenced to verify authenticity and used to generate standard curves spanning from 10 to 1 × 10 6 pg starting quantity. For each gene, the conditions of the qPCR were optimized to obtain amplifi cation effi ciencies of 90 to 100% (Erikson-Hagen et al., 2005) ; singlepeak melt curves after qPCR and subsequent electrophoresis of the amplicons were additional validation steps. Quantitative PCR was conducted with a Bio-Rad iCycler (Hercules, CA). Each 25-μL reaction contained 12.5 μL of iQ SYBR GreenSupermix (Bio-Rad), 200 nM of primer (forward and reverse), and 2 μL of cDNA (25 ng). The qPCR protocol consisted of an initial denaturing step at 95ºC for 5 min and 45 s thereafter, followed by 1 min annealing at the gene-specifi c temperature (Table 2) and a 1-min extension (72°C) period. After 40 cycles of qPCR, with a fl uorescence measurement after each cycle, a melting curve analysis was initiated at 55ºC, with fl uorescence measured at 0.5°C increments until 95°C. Relative expression of IGF1, IGF2, IGF1R, IGF2R, and INSR was determined by dividing the starting quantity of the mRNA of interest by the starting quantity of RPS15 (Erikson-Hagen., 2005; Wright et al., 2008) .
Statistical Analysis
Data from each experiment were analyzed separately because the experiments were conducted in separate years, with a different ram used each year. Ewe DMI, lamb abdominal circumference, ewe and lamb BW, glucose, insulin, and lactate concentrations were analyzed as repeated measures using PROC MIXED (SAS Inst. Inc., Cary, NC) after modeling the appropriate covariance structure (Littell et al., 1998) . Treatment, day, and treatment × day interaction were included in the model, and individual animal was considered the experimental unit. Ewe BCS, lamb measurements obtained at birth, carcass characteristics, and liver mRNA concentration data were analyzed using PROC GLM of SAS with treatment in the model. Percentage of male lambs was analyzed using χ 2 (PROC FREQ, SAS).
RESULTS AND DISCUSSION

Maternal Performance
By design, DMI was greater (P ≤ 0.01) by HN than MN ewes in Exp. 1 and 2 (Figure 1 ). Ewe BW was greater (P ≤ 0.05) for HN than MN ewes beginning on 75 d of gestation in Exp. 1 and 52 d of gestation in Exp. 2 (Figure 2 ). Initial BCS did not differ (P ≥ 0.10) between treatments in Exp. 1 or 2, averaging 2.4 ± 0.13 (SE) and 2.6 ± 0.20, respectively. Final BCS was greater (P ≤ 0.05) for HN than MN ewes in both experiments: 3.5 vs. 3.0 ± 0.15 for Exp. 1 and 4.8 vs. 2.9 ± 0.15 for Exp. 2. As expected, greater feed intake by ewes fed HN did increase ewe BW and fat deposition. Similar to our results, BW and BCS were increased with HN compared with MN in adolescent ewe lambs pregnant via embryo transfer (Wallace et al., 1997 (Wallace et al., , 2008 , adult ewes pregnant to embryo transfer and AI (Wallace et al., 2005; Kenyon et al., 2009) , and naturally mated adolescent ewes (Swanson et al., 2008; Meyer et al., 2010) .
Maternal Blood Hormone Concentrations
In Exp. 1, maternal blood glucose concentrations were greater (P ≤ 0.05) in HN than MN ewes on 58, 75, Maternal blood lactate concentrations did not differ (P ≥ 0.80) between treatments in either experiment (data not shown). Others have reported increased blood glucose and insulin concentrations in overnourished adolescent ewes throughout gestation (Wallace et al., 1997 (Wallace et al., , 1999 . Similar to our results, Kenyon et al. (2009) Hove and Blom, 1976) , and the insulin response (area under the curve) to a bolus infusion of glucose diminishes from 90 d to 105 d and from 105 d to 135 d of gestation (Regnault et al., 2004) , consistent with the concept of pregnancyinduced pancreatic insensitivity. The increased insulin or increased insulin and glucose observed in our and other studies might infer that overnourished adolescent ewes exhibit greater peripheral insulin resistance near term (135 d of gestation) than their moderately fed counterparts, or increased pancreatic sensitivity to insulinotropic stimuli. This concept is supported by the recent report by Wallace et al. (2010) , which demonstrated insulin insensitivity at 97 d of gestation in overnourished adolescent pregnant ewes.
Fetal Abdominal Circumference
Fetal abdominal circumference at 97 d of gestation was greater (P ≤ 0.05) in lambs of MN than HN ewes Figure 2 . Average BW of ewes fed maintenance (MN) or ad libitum (HN) during gestation in Exp. 1 (A; HN, n = 7; MN, n = 8) and 2 (B; HN, n = 6; MN, n = 7). There was a signifi cant treatment × day interaction (P ≤ 0.01) for both Exp. 1 and 2. Asterisks (*) indicate differences in BW between treatments for the given day (P ≤ 0.05). Table  3 ). These values are comparable with abdominal circumference values obtained by others (Barbera et al., 1995; Galan et al., 1999) at this gestational age. There was also no difference (P ≥ 0.10) in abdominal circumference of lambs at birth or 20 d of age in either experiment. In contrast to our results, fetal umbilical girth was similar between HN and MN treatments at 81 or 104 d of gestation (Wallace et al., 1999 , but was decreased in fetuses of HN ewes at 128 d and 134 d of gestation (Wallace et al., , 2002 .
These data suggest that fetuses of overnourished naturally mated ewes in Exp. 1 did experience IUGR at mid-gestation, but were able to overcome any growth restriction before birth. It is unclear why results differed between Exp. 1 and 2; however, HN ewes in Exp. 2 appeared to have greater DMI, BW, and BCS compared with ewes in Exp. 1. In addition, MN ewes in Exp. 2 had a fi nal BCS of 2.9, which is similar to the fi nal BCS of overnourished ewes in the Wallace studies (2.9 to 3.2; Wallace et al., 1997 Wallace et al., , 2000 Wallace et al., , 2007 . Therefore, it seems possible that differences in results between studies could be due to the method of conception or maternal response to overnourishment. George et al. (2010) suggested that level of overnourishment could exceed the capacity of the fat storage depots of the ewe and subsequently affect fetal growth and development.
Lamb Measurements at Birth
Gestation length did not differ (P = 0.69) between treatments in Exp. 1, averaging 142 d (Table 4) , 1997, 2003, 2010) and adult ewes (Wallace et al., 2005; Ford et al., 2009) . One lamb from the MN treatment died before 21 d in Exp. 1, and in Exp. 2, 2 lambs born to HN ewes were stillborn and another died by 21 d of age. Dystocia scores in Exp. 2 were greater (P = 0.002) for HN ewes, likely due to their extreme obesity. Lamb vigor at birth did not differ (P ≥ 0.26) between treatments in either experiment. In contrast to our results, yearling ewes consuming greater amounts of energy before lambing had a smaller percentage of weak lambs and a larger percentage of strong lambs compared with lambs born to ewes consuming medium and low levels of energy, even when birth weights were similar between treatments (Christenson and Prior, 1976) . Our study used only ewes with singleton pregnancies.
Fifty-seven and 50% of lambs born to HN ewes were males (Exp. 1 and 2, respectively) compared with 80 and 71% male lambs born to MN ewes (Exp. 1 and 2, respectively); however, these percentages did not differ (P = 0.59) between treatments in either experiment. If the numerical increase in males within the MN pregnancies impacted fetal growth and birth weight, it would have enhanced any appearance of IUGR in HN pregnancies, which was not the case. Some have suggested that maternal nutrition can infl uence offspring sex (Rosenfeld and Roberts, 2004) ; however, neither this experiment nor Wallace et al. (2007 Wallace et al. ( , 2008 Wallace et al. ( , 2010 ) detected a statistical difference in the ratio of males lambs born to ewes consuming different dietary treatments during gestation. Lack of differences between treatments in the studies of Wallace et al. (2007 Wallace et al. ( , 2008 Wallace et al. ( , 2010 and this experiment could be due to the fact that maternal nutrition was not limiting or restricted at the time of conception.
Birth weight, crown-rump length, and biparietal distance did not differ between treatments (P ≥ 0.15) in either experiment. In contrast to our results, overnourished adolescent ewe pregnancies generated by embryo transfer usually produce lambs that are lighter at birth (Wallace et al., 1997; Da Silva et al., 2001; Wallace et al., 2010) or have decreased umbilical girth, crownrump length, and biparietal distance in late gestation (Wallace et al., , 2002 . In agreement with our results, birth weight was similar between singleton lambs born to adult and naturally mated adolescent ewes fed maintenance or high levels of nutrition (Wallace et al., 2005; Kenyon et al., 2009; Meyer et al., 2010) . Crown rump length of lambs was also similar between treatments in the report of Meyer et al. (2010) . In contrast, birth weight of combined singleton and twin pregnancies was greater for lambs born to maintenance-fed, naturally mated adolescent ewes (Swanson et al., 2008) , but girth and crown-rump length were greater for lambs born to adult ewes consuming diets ad libitum (Kenyon et al., 2009) . The difference in the effect of gestational overfeeding of adolescent ewes on lamb birth weight and physical dimensions could be derived from several factors. With the singleton study of Meyer et al. (2010) , excess nutrition was not provided before 40 d of gestation, whereas our study and those of Wallace et al. (1996 Wallace et al. ( , 2000 Wallace et al. ( , 2005 Wallace et al. ( , 2010 initiated the dietary regimen at conception. One clear difference between the design of our study and Meyer et al. (2010) , and the studies of Wallace et al. (2000) , is that we and Meyer et al. (2010) used natural conception in contrast to transferring embryos derived from mature ewes. It is possible that transfer of embryos derived from mature ewes into the uterus of an adolescent ewe may predispose these pregnancies to fetal growth restriction in the face of maternal overnutrition. This concept is supported by 2 experiments reported by Quirke and Hanrahan (1983) , in which a 22 to 33% reduction in lamb birth weight was observed in singleton adolescent ewe pregnancies compared with mature ewes, all of which conceived to transfer of embryos from mature ewes. 
Postnatal Lamb Measurements
There were no differences (P ≥ 0.47) in lamb BW ( Figure 5 ) or concentrations of blood glucose (Tables  3 and 4) , insulin, and lactate (data not shown) between treatments from birth through 140 d of age or to slaughter. In Exp. 2, there were no differences (P ≥ 0.18) in age at slaughter, HCW, dressing percentage, LM area, fat thickness, or KPH between treatments.
In agreement with the results from this experiment, lamb BW at 35, 84, or 100 d of age were similar between lambs born to overnourished or maintenance-fed adolescent and adult ewes (Christenson and Prior, 1976; Kenyon et al., 2009 , Wallace et al., 2010 . In contrast, Da Silva et al. (2001) reported that lambs from overnourished ewes that were growth-restricted at birth were also lighter at weaning. At 20 d of age, BW was greater and internal fat content was similar for lambs born to overnourished versus control-fed, naturally mated adolescent ewes (Meyer et al., 2010) . Body weight and body fat percentage did not differ between lambs that were fed the same maintenance diets to 19.5 mo of age after being born to ewes that were either overnourished or fed control diets during gestation . However, after 19.5 mo of age, lambs from both treatment groups were fed ad libitum for 12 wk, and during this time, lambs from overnourished ewes consumed more feed, tended to gain more BW, and had greater percentage of body fat .
Overnourishing the ewe during gestation has the potential to infl uence postnatal performance of offspring via several mechanisms: lighter birth weights (Wallace et al., 1997 (Wallace et al., , 2010 Da Silva et al., 2001) , colostrum quantity and composition (Da Silva et al., 2001; Wallace et al., 2003; Swanson et al., 2008) , yield of colostrum immunoglobulin (Hammer et al., 2007; Swanson et al., 2008) , development of the mammary gland (Swanson et al., 2008) , organ development (Wallace et al., , 2002 , and degree of adipogenesis and myogenesis in fetal skeletal muscle (Tong et al., 2008 (Tong et al., , 2009 ). In the current study, ewe dietary treatment during gestation had little effect on lamb performance after birth, possibly due to similarities between diets fed to ewes and lambs post lambing, and the fact that we did not observe any differences in birth weight or permanent IUGR between treatments. The high level of obesity observed in Exp. 2 increased lamb mortality, but did not appear to affect the growth of lambs that survived.
Liver mRNA Analysis
There was no difference (P ≥ 0.31) between treatments in concentrations of IGF1 or IGF2 mRNA in liver samples collected at harvest ( Figure 6) ; however, lambs from MN ewes had greater (P ≤ 0.05) concentrations of IGF1R and INSR mRNA and tended (P ≤ 0.10) to have greater concentrations of IGF2R mRNA.
The liver is the primary source of circulating IGF (Sjögren et al., 1999) , and it is possible that size or development of the liver, as infl uenced by maternal nutrition, could infl uence the expression of components of the IGF system. Absolute, but not relative, fetal liver weight was decreased in fetuses of ewes overnourished during gestation (Wallace et al., , 2002 Matsuzaki et al., 2004) ; however, Godfredson et al. (1991) reported that abundance of IGF1 mRNA in bovine fetal livers were not correlated with liver weight. Rhoads et al. (2000) reported that hepatic expression of the IGF1 gene was reduced in growth-retarded fetuses at 130 d of gestation, reduced in lambs maintained on a low versus high level of nutrition in early postnatal life, but not altered by postnatal nutrition in weaned lambs. Because our lambs received similar diets after weaning, it seems likely that maternal nutrition during gestation may have infl uenced mRNA concentrations of IGF receptors in the liver of lambs. Insulin-like growth factors and their receptors are present in tissues other than the liver, and some have been infl uenced by maternal nutrition. Insulin-like growth factor II mRNA was detected in fetal uterine tissues, but its expression was not infl uenced by ewe gestational diet (Gadd et al., 2000) , and opposite to our results in the liver, expression of IGF1R was increased in pancreatic tissue of fetuses from overnourished ewes (Zhang et al., 2010) . Differences in the abundance of these receptors in the liver, however, did not appear to infl uence postnatal lamb growth.
The reduction in liver INSR mRNA concentrations observed in HN lambs at slaughter, if actually refl ected in tissue receptor concentration (not measured in current study), could refl ect developing insulin resistance in the HN lambs. Although this has not been directly assessed in lambs from overnourished adolescent ewes, adult offspring (22 mo of age) from overnourished adult ewes exhibited impaired insulin response to glucose, decreased insulin sensitivity , and impaired insulin signaling in skeletal muscle (Yan et al., 2011) , after a 12-wk ad libitum feeding challenge. However, we did not observe differences in fasting glucose and insulin concentrations in our lambs (Tables 3 and 4 ). In the study of Long et al. (2010) , fasting glucose tended to be greater with no difference in insulin concentrations before the onset of the 12-wk ad libitum feeding challenge. Therefore, it is possible that if we had matured our lambs to a comparable age, we may have seen differences in glucose or insulin concentrations. Collectively, these studies suggest that excessive maternal nutrition in adolescent and adult ewes, regardless of any impact on birth weight, likely predisposes the offspring for impaired glucose/insulin homeostasis in adulthood.
Ewe BW and BCS responded to increased dietary energy intake as expected; however, overnourishing the naturally mated adolescent ewe during gestation had little effect on fetal growth or postnatal lamb growth, hormone concentrations, or carcass characteristics. There was a decrease in the abundance of mRNA for insulin and IGF receptors in the liver of lambs born to overnourished adolescent ewes; however, this did not appear to have an effect on postnatal growth by the termination of the study. We observed IUGR in naturally mated adolescent ewes in mid-gestation during one experiment; however, results in naturally mated ewes were not consistent between experiments and not evident at birth, suggesting that this may not be a good alternative to the embryo transfer model currently used to study IUGR in livestock and humans. (IGFR1 and IGFR2) , and the insulin receptor (INSR) in liver samples collected at slaughter from lambs born to ewes fed maintenance (MN; n = 7) or ad libitum (HN; n = 3) during gestation in Exp. 2. Asterisks (*) indicate a treatment effect (P ≤ 0.05), and the dagger ( †) indicates a tendency (P ≤ 0.10).
